Introduction {#s1}
============

Ultraviolet (UV) radiation is damaging to living tissues (e.g. \[[@B1]\]). The high-energy wavelengths in the UVB portion (UVB, 280-315 nm, International Commission on Illumination or Commission Internationale de L'Eclairage, C.I.E.) of the UV spectrum are directly absorbed by DNA and are particularly damaging \[[@B2]-[@B4]\]. While the lower-energy UVA (315-400 nm, C.I.E.) portion of the spectrum is detrimental via the actions of reactive oxygen species, such as singlet oxygen generated by photosensitizers \[[@B3],[@B5]\], it also contributes to photo-activated repair of UVB-induced cellular damage \[[@B5],[@B6]\].

In and near the tropics (0°-30° latitude), more UV radiation (UVR) reaches the Earth than in temperate regions, due to a lower zenith angle and a shorter light path \[[@B7],[@B8]\]. As a consequence, tropical regions experience the highest doses of UVR \[[@B9]\] and overall solar radiation \[[@B10]\] on the planet. Furthermore, small but statistically significant increases in yearly solar irradiance levels have been demonstrated for our study site in Queensland, Australia \[[@B11]\]. Organisms living in coral reef environments are vulnerable to solar UV radiation as their shallow habitats are high in UV radiation \[[@B7],[@B12]-[@B14]\]. Recently, melanoma was found in the coral trout, a predatory reef fish species \[[@B15]\], demonstrating that UVB may be problematic in tropical aquatic habitats if UV levels continue to increase.

Coral reef fishes have UV absorbing compounds in the corneas, lenses, and humors of their eyes as well as in their epithelial mucus \[[@B16],[@B17]\]. The UV absorbing compounds in fish epithelial mucus have recently been identified as mycosporine-like amino acids (MAAs; \[[@B18]\]), which are acquired from the diet \[[@B19],[@B20]\]. The ability of fish epithelial mucus to absorb UV radiation varies considerably among species \[[@B17],[@B18]\], and correlates with latitude \[[@B18],[@B21]\], water clarity \[[@B22]\] and depth of capture \[[@B17],[@B23]\].

When provided with MAAs in their diet, the mucus of experimental fish that were exposed to UV had a much higher UV absorbance than the mucus of fish that were protected from UV exposure \[[@B20]\]. This shows that exposure to UV affects UV absorbance in fish mucus. It also suggests that the sequestration of MAAs may be energetically costly and may only occur when necessary. Whether exposure to the shorter-wavelength UVB compared with the longer-wavelength UVA affects the absorbance of mucus differently, however, has never been tested. UV levels in seawater decrease with increasing depth \[[@B14],[@B24]\]. Insofar as they function as UV screening compounds, it is no surprise that MAA concentrations in macroalgae, corals, and some other invertebrates decrease with depth \[[@B25]-[@B28]\]. Zamzow and Losey \[[@B17]\] found that fish from the comparatively turbid waters of Kaneohe Bay, Hawaii possessed less absorbent mucus with increasing depth. To our knowledge, however, this relationship has not been examined for clear waters such as those of Lizard Island, Great Barrier Reef (GBR), Australia. Clearer waters transmit higher UV radiation levels, which has been shown to result in fish possessing higher concentrations of UV screening compounds in their mucus compared to fish from more turbid waters at comparable depths \[[@B22]\].

Cleaner fish *Labroides dimidiatus* eat parasites and epithelial mucus from client fish on coral reefs \[[@B29]\] and are thought to be important players in reef ecosystems \[[@B30],[@B31]\]. *L. dimidiatus* in shallow water, however, are likely subject to high levels of UV exposure as they spend most of their time in the open, cleaning other fishes and displaying to attract client fish \[[@B32],[@B33]\]. Indeed, cleaner fish have been shown to have very high levels of MAAs in their mucus \[[@B18]\]. Here, we used cleaner fish as a model system to investigate whether the UVB, UVA or photosynthetically active radiation (PAR, 400-700 nm, C.I.E.) portions of the spectrum contributed to changes in epithelial mucus absorbance and Fulton's body condition index (fish weight/fish standard length^3^, \[[@B34]\]).

We compared both epithelial mucus absorbance and Fulton's body condition index of cleaner fish during, and after, 3 weeks of exposure to one of three treatments: 1) UVB+UVA+PAR, 2) UVA+PAR, or 3) PAR only. Epithelial mucus absorbance was measured using high-performance liquid chromatography (HPLC) as well as field spectrometry to validate the much cheaper and quicker method of field spectrometry. In a separate experiment, we assessed wild-caught fish from a range of depths to determine if depth of capture was correlated with the ability of epithelial mucus to absorb UV radiation.

Materials and Methods {#s2}
=====================

Ethics statement {#s2.1}
----------------

All experiments were conducted according to the Australian code of practice for the care and use of animals for scientific purposes. The protocol was approved by the Animal Ethics committee of The University of Queensland (permit: ZOO/ENT/661/04/UQFREA).

Fish collections {#s2.2}
----------------

Fieldwork was performed at Lizard Island Research Station (14°41'S, 145°27'E) between November and December of 2005. Cleaner fish were collected from depths of 3 to 16 m by SCUBA divers with barrier and hand nets (collection permits GBRMPA GO4/12405.1 & GO4/12017.1 and Fisheries \#PRM02841J). All cleaner fish used in the spectral experiment were collected from ≤ 3 m. These fish were initially transferred to holding tanks exposed to full sunlight, they were then sampled indoors for mucus absorbance, and transferred to experimental tanks outdoors where they were held for the duration of the experiment; the final transfer occurred within 4 h of capture. Fish were fed daily throughout the experiment on a diet of mashed prawns mixed with commercial flake food (OSI, Hayward, CA, USA); a HPLC analysis of this diet was performed to determine its MAA content. Tanks were cleaned at least every 5 d to minimize the presence of biofouling organisms that might be eaten by the cleaner fish.

Spectral experiment {#s2.3}
-------------------

To test the effect of different light spectra on the mucus absorbance of the fish, we exposed fish to either PAR alone, PAR & UVA or PAR, UVA and UVB ([Figure 1](#pone-0078527-g001){ref-type="fig"}). Thirty-six experimental aquaria (33.5 cm L x 23.5 cm W x 27 cm H) with flow-through seawater and aeration were exposed to full solar radiation. Each aquarium housed one fish, which was randomly assigned to one of three spectral treatments. The desired spectral exposures were obtained via aquarium lids comprised of acrylic (Acrylite, Cyro Industries, New Jersey, USA) and filters (Lee Filters, U.K.). The UVB+UVA+PAR treatment included all wavelengths from 280 to 700 nm (Cyro Acrylite OP-4 plus Lee Filters \#HT 254), the UVA+PAR treatment included wavelengths from 315-700 nm (Lee Filters \#053), and the PAR treatment included wavelengths from 400-700 nm (Cyro Acrylite OP-3). The sides of all aquaria were covered with diffuse filters (Lee Filters 129) that transmitted approximately 5% of available PAR but did not transmit UVB or UVA.

![Radiant energy distribution of the three treatments used in the spectral experiments.\
PAR = photosynthetically active radiation, UVA = ultraviolet-A, and UVB = ultraviolet-B.](pone.0078527.g001){#pone-0078527-g001}

Mucus from each fish was sampled within 4 h of capture, and again weekly for three weeks, as described in Zamzow and Losey \[[@B17]\]. Briefly, the flank of each fish was scraped with a dull scalpel blade, collected mucus was squashed to 0.25 mm between two UV-transparent slides, and UV absorbance was measured with a fiber-optic spectrometer (S-2000, Ocean Optics, FL, USA). Eight absorbance measurements were taken of each sample, and the mean spectrum was used for data analysis. Following this spectrometry, mucus samples from weeks two and three were preserved in liquid nitrogen and transported to The University of Queensland for later analysis by HPLC.

For each fish, the area under the UV absorbance curve was integrated as in Zamzow \[[@B20]\] and the percent change in mucus absorbance over time was calculated. The percent change in integrated UV absorbance of the mucus was analyzed via repeated measures ANOVA with a first-order autoregressive covariance structure, Satterthwaite determination of degrees of freedom, and Bonferroni adjusted pair wise t-tests for differences between treatments within each week (SAS v 9.2, SAS Systems Inc., NC, USA).

At the end of the spectral experiments, each fish was measured (total length, TL) to the nearest 0.1 cm, and weighed by measuring the amount of water the fish displaced to 0.1 g (weight, W). Fulton's condition index, K was calculated for each fish as K = W/TL^3^ \[[@B34]\]. K values were compared, pair wise, between treatments and against wild-caught fish from the same area and depth range.

To assess the effect of duration in captivity on UV absorbance, fish (n = 35) were captured from ≤ 3 m depths. Each fish was randomly assigned a duration in captivity which ranged from 2 to 14 days, and fish were housed under the UVB+UVA+PAR treatment. Initial and final mucus samples were taken and analyzed as above.

Effect of reef depth {#s2.4}
--------------------

For the depth study, cleaner fish (n = 61) were collected from depths ranging between 3 and 16 m. The deepest depth reached on each collection dive was assigned as the capture depth. Range of depths on a single dive generally varied no more than 2 m, except in the case of a single 9 m dive, which was on a steep slope and capture depth varied over 6 m. A single mucus sample was taken from each fish as described above and analysed with field-spectrometry only.

HPLC analysis {#s2.5}
-------------

HPLC is often used to measure the MAA content of animals and plants \[[@B35]-[@B39]\], but we examined whether the simpler, less expensive, and less time-consuming method of spectrophotometry is equally valid for measurements of bulk MAA absorption, and whether that absorption correlates with actual MAA concentration. HPLC analysis was performed at The University of Queensland from August 2007 to January 2008. The methods for mucus extraction and dry weight quantification followed those of Eckes et al. \[[@B18]\]. Mucus extracts were suspended in 500 μl of MilliQ water and passed through a Millex 0.22 μm syringe-driven filter (Millipore, North Ryde, Australia). Filtered samples were added to new glass-shell vials (Waters Corp, Milford, Massachusetts) and 2 μl of each sample was injected into a liquid chromatograph system (Shimadzu LC-10AT VP, Eagle Farm, Australia). Samples were further diluted with MilliQ water if absorbance was saturated or peaks did not saturate (about 10% of the time). MAAs were eluted through a Devenosil RPAQEOUS Column (Phenomenex, Pennant Hills, Australia) using a gradient from an aqueous mobile phase of 0.05% aqueous formic acid to 0.05% formic acid in 100% methanol at a flow rate of 250 μl min^-1^ ([Table 1](#pone-0078527-t001){ref-type="table"}). Peaks were detected using a photo diode array detector (Shimadzu SPD-M10A VP, Eagle Farm, Australia) and MAAs were identified by absorption spectra and retention time. The HPLC-based integrated absorbance was calculated based on the area under lambda maximum (λ~max~) chromatograms for isolated peaks, standardized to the dry weight of the mucus sample.

10.1371/journal.pone.0078527.t001

###### Gradient protocol for eluents used in the separation of mycosporine-like amino acids on Devenosil RPAQEOUS Column.

  Time (min)   Percent eluent A   Percent eluent B
  ------------ ------------------ ------------------
  0            98                 2
  1            98                 2
  5            75                 25
  7            60                 40
  12           45                 55
  14           40                 60
  16           98                 2
  22           98                 2

Eluent A: aqueous 0.05% formic acid; eluent B: methanol with 0.05% formic acid.

Results {#s3}
=======

Spectral experiment {#s3.1}
-------------------

The average field-measured UV absorbance of cleaner fish mucus was relatively consistent across the wavelengths sampled and showed two peaks, one at 298 nm and another at 330 nm, as well as a shoulder at 360 nm ([Figure 2](#pone-0078527-g002){ref-type="fig"}).

![Mean (± SD) field absorbance of mucus of freshly caught cleaner fish *Labroides dimidiatus* (n = 36) from 3 m depth, according to wavelength.](pone.0078527.g002){#pone-0078527-g002}

Field-measured integrated UV absorbance of mucus measured with the USB2000 spectroradiometer correlated significantly with laboratory-measured mucus dry weight-standardized HPLC absorbance (Pearson correlation, n = 42, r = 0.64, p \< 0.0001), even when the two highest "outlier" HPLC data points were omitted (n = 40, r = 0.45, p \< 0.0038; [Figure 3](#pone-0078527-g003){ref-type="fig"}). The integrated UV absorbance of cleaner fish mucus measured immediately after capture was 68.1 ± 2.4 (mean ± SE).

![Correlation between field-measured integrated UV absorbance of cleaner fish *Labroides dimidiatus* mucus and laboratory-based mucus dry weight-standardized HPLC measurement of mycosporine-like amino acid (MAA) absorbance.](pone.0078527.g003){#pone-0078527-g003}

The analysis of the percent change in integrated UV absorbance of mucus indicated a significant interaction between the effect of UV treatment exposure and the date fish were sampled ([Figure 4](#pone-0078527-g004){ref-type="fig"}; Repeated Measures ANOVA: F~4,64~ = 4.76, p \< 0.01). This interaction was due to the UV absorbance of mucus from the UVB+UVA+PAR treated fish being higher than the other two treatments for week one (Bonferroni-adjusted pair-wise comparisons, UVB+UVA+PAR vs. UVA+PAR: t = 5.46, p \< 0.001; UVB+UVA+PAR vs. PAR: t = 5.91, p \< 0.001), but not significantly different than the other treatments in weeks two and three. The remaining factors in this model were: treatment spectra exposure (F~2,34~ = 12.26, p = 0.0001), and date fish were sampled (F~2,64~ = 45.56, p \< 0.0001). The diet fed to cleaners had a weight-standardized integrated HPLC absorbance of 6 AU, or 46,267 times less UV absorbance than the least absorbent mucus sample.

![Mean (± SE) integrated UV absorbance of cleaner fish *Labroides dimidiatus* mucus in three spectral experiments over three weeks.\
Spectral treatments (and lines) correspond with those in [Figure 1](#pone-0078527-g001){ref-type="fig"}.](pone.0078527.g004){#pone-0078527-g004}

Fulton's body condition index of fish varied significantly among treatments ([Figure 5](#pone-0078527-g005){ref-type="fig"}; ANOVA: F~3,85~ = 24.9, p \< 0.0001). Body condition was lower for the UVB+UVA+PAR treatment group compared with the PAR and UVA+PAR treatments (Tukey post-hoc, p \< 0.05), whereas the body condition of PAR treated fish was not significantly different from UVA+PAR treated fish (p \> 0.05). Body condition was lower for all experimental treatment groups compared with wild-caught fish (p \< 0.05).

![Mean (± SE) Fulton's body condition index (K) for freshly caught cleaner fish *Labroides dimidiatus* and experimental cleaner fish after three weeks of spectral treatment.\
None = newly captured cleaners from 3 m depth. PAR only, UVA+PAR, and UVB+UVA+PAR are experimental treatments, which correspond with spectra in [Figure 1](#pone-0078527-g001){ref-type="fig"}.](pone.0078527.g005){#pone-0078527-g005}

There was a significant effect of duration in captivity on the percent change in cleaner fish mucus absorbance ([Figure 6](#pone-0078527-g006){ref-type="fig"}; GLM: F~1,40~ = 5.37, p \< 0.05), with all values being negative after 8 days; the effect of size of fish was not significant, nor was the interaction between duration and size significant (both p \> 0.05).

![Effect of the duration of captivity on the change in UV absorbance of cleaner fish *Labroides dimidiatus* mucus.\
Each square represents an individual cleaner fish caught at 3 m depth.](pone.0078527.g006){#pone-0078527-g006}

Effect of reef depth {#s3.2}
--------------------

The integrated UV absorbance of cleaner fish mucus increased with increasing fish length (F~1,58~ = 4.33, p = 0.04; r^2^ = 0.035), and decreased with increasing depth of capture (F~1,58~ = 53.75, p \< 0.0001; r^2^ = 0.44). The average (± SE) UV absorbance decreased by more than half over the depth range studied: from 68.1 ± 2.4 at 3 m to 29.0 ± 2.7 for fish from 16 m. The magnitude of the increase in UV absorbance with length was much less, from 53.6 ± 4.4 for fish \< 6.6 cm to 57.8 ± 5.5 for fish \> 8.9 cm.

Discussion {#s4}
==========

Mucus of cleaner fish, *L. dimidiatus*, exposed to wavelengths that also included the shorter-wavelength UVB (280-700 nm) had a much higher UV absorbance after one week in captivity than did mucus of fish exposed to the spectrum that contained longer-wavelength UVA+PAR (315-700 nm), or only the spectrum visible to humans (PAR, 400-700 nm). It was known that fish could increase the level of UV absorbing compounds in their mucus when exposed to UV \[[@B20]\], however, this study suggests that it is the UVB portion of the spectrum that is responsible for this increase. While both UVB- and UVA-mediated induction of MAAs have been found in cyanobacteria and algae \[[@B40],[@B41]\], to our knowledge this is the first time UVB-mediated MAA sequestration has been demonstrated in a higher marine organism. We know that *L. dimidiatus* are unable to visually detect differences between the treatments due to their UV-absorbing ocular media \[[@B42]\]. Since we found a difference between treatments, this means that the sequestering of MAAs in cleaner fish mucus is not visually mediated but must be mediated by skin or DNA damage, or some other means.

This research also demonstrated that fish are not only able to maintain, but also to increase MAAs in the mucus for at least a week after being deprived of MAAs in the diet. As fish epithelial mucus is constantly being sloughed off and lost to the water column \[[@B17],[@B43]\], MAAs must be continuously resupplied, if fish are to maintain a relatively constant level of UV absorbance of their mucus. Because their diet in the laboratory had negligible MAA content, the MAAs being supplied to the mucus likely originated from food eaten prior to capture, from some sort of "storage depot" or possibly from symbiotic bacteria. Gut evacuation in *L. dimidiatus* usually takes about 3.7 h \[[@B44]\]. Hence, any sequestration of MAAs into the mucus occurring beyond the first day of capture could not have directly originated from food eaten prior to capture. Instead, MAAs could have been mobilised from some sort of storage in the tissue of cleaners. Little is known about how fish process and sequester MAAs, but many invertebrates have been shown to store MAAs in various tissues. For example, sea urchins \[[@B45]\] and scallops \[[@B46]\] store MAAs in their gonads. In sea cucumbers, MAAs are present in visceral "storage depots", but the duration of storage is unknown \[[@B47]\]. Similarly, sea hares store large amounts of the MAA asterina-330 in their digestive glands and these can remain for at least 40 days \[[@B48]\]. Fish store MAAs in their gonads \[[@B49],[@B50]\], so these might serve as a potential reservoir of MAAs to be mobilised into the mucus.

Another explanation for the increase of MAAs, despite their absence in the diet, is that MAAs could have been synthesized by bacterial symbionts in the mucus (as suggested in \[[@B51]\]) which were subsequently affected by the lack of precursors in the experimental diet, or which subsequently compensated for the experimental UV levels in the experiment via DNA repair mechanisms. There is, however, evidence that fish mucus possesses strong antibacterial properties, at least against some bacterial species (e.g., \[[@B52],[@B53]\]). Both preceding explanations must be considered highly speculative at this point, and future studies are required to investigate the mechanism underlying the temporarily increased MAA presence in the mucus of cleaner fish exposed to UVB radiation, in the absence of MAA-rich food.

One clue to the length of time that dietary MAAs may be stored by cleaner fish was the significant interaction between UV treatments and week sampled in the spectral experiment. This was due to the difference between the UVB+UVA+PAR treatment and the other treatments after the first week of exposure that was no longer detectable after two and three weeks, suggesting that within 14 days fish exhausted any stored MAA supply. Our duration in captivity experiment suggests that, if MAA storage occurs, it is over a shorter time period; specifically, field-captured cleaner fish were able to increase the UV absorbance of their mucus for a maximum of eight days before depleting the available supply.

Cleaner fish exposed to the UVB+UVA+PAR treatment had a lower Fulton's body condition index compared with fish from the other treatments. Given that experimental fish did not change length appreciably during the 3 weeks of the experiment, the decrease in this condition index (fish weight/fish standard length^3^) is due to a decrease in fish weight, and thus indicates an energetic cost. The slight, but significant, difference in body condition between wild cleaner fish and fish from all other treatment (captive) groups that we found suggests that there was such a cost to living in captivity. Even so, UVB+UVA+PAR treated cleaner fish had a significantly lower body condition than UVA+PAR or PAR treated fish. This may be due to an energetic cost of MAA sequestration, as the UVB+UVA+PAR treatment group was the only one to increase MAA sequestration while in captivity. Support for this idea is that, in Hawaii, experimental fish provided with dietary MAAs, but not exposed to UV, did not sequester MAAs in their mucus, presumably due to some energetic cost of sequestration \[[@B20]\]. This could also be due to a costly damage to the immune system, or the cost of photorepair of UVB-induced cellular damage. Indeed, exposure to UVB affects fish immune systems \[[@B4]\], reducing hematocrit, plasma protein, and plasma immunoglobulin levels while altering the function of head, kidney and blood phagocytes \[[@B54]\]. While Zamzow \[[@B20]\] found skin lesions and other signs of UV damage in fish exposed to high levels of solar UVA+PAR and UVB+UVA+PAR in Hawaii, and, despite the fact that Lizard Island is closer to the equator and thus experiences higher UV levels than Hawaii, we saw no gross evidence of skin damage. This suggests that cleaners may have pathways to repair UVB-induced damage, for example by UVA/blue light mediated photo-repair, such as is found in other fishes (e.g. zebrafish \[[@B2]\] and Antarctic fish larvae and eggs \[[@B5]\]). Repairing UVB-induced damage would likely come at an energetic cost and thus could also have contributed to the loss in weight that fish experienced.

UV absorbance measured via spectrophotometry in the field correlated significantly with laboratory-based HPLC results, demonstrating that both techniques reflect the actual concentrations of MAAs in the mucus. HPLC analyses are orders of magnitude more time-consuming, expensive, and equipment-intensive than spectrophotometry. While HPLC is a superior technique for investigations of the precise composition and quantity of MAAs in the mucus, we suggest that field absorbance measures may be sufficient if one desires simply to measure overall UV absorbance without consideration of the specific compounds causing the absorbance. We found three peaks (298, 330 and 360 nm) in our field measurements of the absorbance of mucus of the freshly caught *L. dimidiatus*. Two peaks correlate with the lambda maxima of the MAAs asterina-330 (330 nm peak) and palythene (360 nm peak) which have been identified in cleaner fish mucus from Heron Island, GBR \[[@B18]\]. Gadusol and deoxygadusol, two compounds found in fish and invertebrate eggs \[[@B49],[@B50],[@B55]\] are known to have lambda maxima of 296 nm and 294 nm \[[@B55]\], respectively, but these compounds have not been detected in *L. dimidiatus* mucus by HPLC \[[@B18]\], so the source of the 298 nm peak is unclear. In addition to MAAs, fish mucus also contains various proteins, amino acids and other compounds, which contributed to the field measured integrated absorbance values found in this study \[[@B56],[@B57]\].

The average integrated UV absorbance of wild-caught cleaner fish was similar to that found in *L. dimidiatus* by Eckes et al. \[[@B18]\] and it was 1.6 and 2.4 times higher than values previously reported for another labrid, *Thalassoma duperrey*, and a pomacentrid, *Pomacentrus amboinensis*, respectively \[[@B20],[@B58]\]. Zamzow (2007) used methods identical to those in this study to measure the mucus absorbance of the labrid *Halichoeres bivittatus* from clear Panamanian waters at shallow depths, and found peak absorbance values of less than half those of *L. dimidiatus* \[[@B22]\].This is consistent with the finding that *L. dimidiatus* possess large amounts of the MAAs asterina-330 and palythene in their mucus \[[@B18]\]. As fishes are unable to synthesize MAAs due to the absence of the shikimate pathway in higher metazoans (\[[@B59]\], but see [@B60]), cleaner fish must acquire these compounds from their diet (i.e. parasites or mucus of client fish \[[@B29]\]). When given a choice between parasitic gnathiid isopods, the main component of their diet in the wild \[[@B29]\], and parrotfish *Chlorurus sordidus* mucus, *L. dimidiatus* preferred the mucus \[[@B31]\]. Furthermore, when offered two types of fish mucus, cleaner fish preferred the mucus of *C. sordidus* to that of the snapper *Lutjanus fulviflamma* \[[@B61]\]. While such variation in dietary preferences in cleaner fish will affect the mutualistic outcome of the cleaning interactions between them and their clients, it also raises the question of whether their preferences are influenced by the MAA levels of these foods or some other nutritional or energetic aspect. *C. sordidus* has very high levels of MAAs in the mucus, the highest of five parrotfish species sampled by Eckes et al. \[[@B18]\], and *L. fulviflamma* has orders of magnitude less UV absorbent mucus \[[@B62]\], yet both species appear to occur at similar depths (A.S.G. pers. obs.). Nutritionally, *C. sordidus* mucus is also superior to that of *L. fulviflamma* \[[@B62]\].

Even though the size range of fish in this study was relatively small (3.9 cm), and the relationship of UV absorbance with size fairly weak in comparison to the relationship with depth, the mucus of large cleaner fish had a greater UV absorbance than that of smaller fish. *L. dimidiatus* have a dominance hierarchy based on size \[[@B63]\]. Thus larger individuals are likely better competitors for clients and so might maximize MAAs through competition with smaller fish for client fish mucus with better sources of MAAs. A much stronger positive correlation between size and mucus absorbance (r^2^ = 0.66) was found for a pomacentrid, *P. amboinensis*, over a size range of 5.8 cm \[[@B58]\]. However, in a similar study with the labrid *T. duperrey*, Zamzow \[[@B20]\] found an effect of sex, but not size, on the UV absorbance of mucus. *L. dimidiatus*, also a labrid, is a protogynous sex changer and normally changes from female to male, but can, on rare occasions, also change from male to female, depending on the size of conspecifics present \[[@B64]\]. The largest fish in a social group, however, is always a male \[[@B64]\]. Thus, the observed relationship with size may be confounded with sex. As we did not sacrifice the fish, we were unable to determine the sex of our study animals, and cannot rule out a possible effect of sex on mucus MAA concentration for this species.

Decreases in the amount of UV absorbed by fish mucus with increasing depth have previously been demonstrated for *T. duperrey* in relatively turbid Hawaiian waters \[[@B17]\]. Here, we found a similar correlation for *L. dimidiatus* in the clear waters surrounding Lizard Island. Such a decrease in UV absorbance with depth might be due to control of the MAA concentration of the mucus by the cleaners, or due to a lack of availability of UV absorbing compounds in their food supply. Our spectral experiments suggest that the observed changes in UV absorbance may be controlled by UVB exposure. Cleaners in the UVB+UVA+PAR treatment received the same amount of MAAs in their diet as the fish in the other two treatments but they had a markedly higher level of epithelial UV absorbance, at least initially. However, even under UVB+UVA+PAR exposure, the cleaners could not maintain elevated concentrations of MAAs in the mucus indefinitely due to a dietary insufficiency of the requisite MAAs. Thus, we cannot rule out dietary insufficiency, due to decreasing amounts of MAAs in the food with depth, as a reason for decreased mucus absorbance with depth. Whatever is driving the relationship, the correlation of UV absorbance of the mucus with capture depth is clear. While we did not simultaneously catch fish and measure UV radiation during this experiment, the fact that UV radiation attenuates with depth is well known \[[@B24]\]. Likewise, while we do not know the effective dose of UV radiation received by cleaner fish individuals while at various depths, our interest was in the potential relative effects of capture depth on mucus absorbance, and our correlation suggests a strong relationship.

UVB exposure levels in the tropics are naturally amongst the highest on Earth, and have been gradually increasing at our study site \[[@B11]\]. In the face of such pressures, the ability of cleaner fish and other fishes to adjust their mucus UV protection in response to environmental UVB exposure, whether by selecting food higher in MAAs or by physiological adaptations to maximize MAA secretion, may prove valuable.
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